The extracellular endoglucanase A gene of Clostridium thermocellum ( cel A) was used as a screening marker for E. coli cloning vector. A 1.4-kb Eco RI fragment containing cel A from pTvec/ cel A was isolated and cloned into a pUC18 deleting β -galactosidase gene fragment. The constructed vectors, pCEL1, pCEL10, pCEL11, and pCEL20, have 
INTRODUCTION
The insertional inactivation of β -galactosidase activity (7) is a screening method for the identification of recombinant DNA molecules in many vectors (11) . However, the β -galactosidase screening system has problems of cost and convenience. X-gal is an expensive reagent and is spread on the plate before the transformants are spread to minimize cost in many research laboratories. Although β -galactosidase is widely used as a screening marker, it is limited to use with specially mutated E. coli hosts for α -complementation. Therefore, several E. colistrains, such as HB101 and MC1061, that have the entire β -galactosidase gene may not be suitable for the β -galactosidase screening method. For these reasons, we have constructed a novel E. colicloning vector, pCEL, which replaces β -galactosidase by cellulase. The cellulase degrades cellulose so that the transformant harboring the vector containing a cellulase gene as a screening marker shows a clear halo around the colony on agar plate made of cellulose and dye. The principle of the screening method is insertional inactivation of a cellulase gene by a foreign DNA fragment (5) , and it results in recombinant transformants having foreign inserts with no clear halos. Because E. coli strains do not have a cellulase gene, pCEL shows a broad host range regardless of mutation for α -complementation of E. coli , unlike in X-gal/ β -galactosidase system. In this study, we used the extracellular endoglucanase A of Clostridium thermocellum, cel A (8) as a screening marker for the E. coli cloning vector, pCEL.
MATERIALS AND METHODS

Plasmids, Strains, and Media
The pUC18 and pTvec/ cel A (8) plasmids were amplified in the E. coli XL1-Blue strain. In this report, the constructed vector pCEL1 was transformed in the following E. coli strains: XL1-Blue (2), MC1061 (9,10), JM109 (11), JM105 (11), HB101 (1), and DH5 α(3). E. coli strains were grown on LB agar containing 10% (v/v) of Cellomix ™ (RNA Inc., Suwon, Korea) or in LB broth with aeration at 37°C. The ampicillin (Sigma, St. Louis, MO, USA) was added to 100 µ g/mL in LB broth and agar plate.
Construction of pCEL1, pCEL10, pCEL11, and pCEL20
The 1.4-kb Eco RI cel A fragment fr om pTvec/ cel A containing cel A (8) was cloned into pUC18. The resulting pla smid was digested with Sma I and Nde I to delete the nonessential element and β -galactosidase gene of pUC18 (300 bp) and named pCEL1. To make the series vectors, primer 1 (5 ′ -CC -GGCGTCGACCCGGGCGGCCGCA -TGCAAGCTT-3 ′ ) and primer 2 (5 ′ -CCGGAAGCTTGCAGCGGCGCCC-GGGTCGACG-3 ′ ) were annealed together according to the standard method. The annealed primer fragments were cloned into the pCEL1 digested with Ngo MIV that has its restriction recognition site in the signal sequence region of cel A gene. The multiple cloning site (MCS) contained the following restriction enzyme sites, Sal I, Sma I, Not I, Sph I, Ngo MIV, and Hin dIII. In addition, pCEL20 having more restriction recognition sites and M13/pUC direct primer for DNA sequencing was constructed. An extended MCS for pCEL20 was made by primer 3 (5 ′ -CCGGCATATGCTCG -AGCTCGGTACCTCTAG AACTGGC -CGTCGTTTTAC-3 ′ ) and primer 4 (5 ′ -CCGGGTAAAACGACGGCCA-GTTCTAGAGG TACCGAGCTCGA-GCATATG-3 ′ ). After annealing primers 3 and 4, the annealed primer was cloned into the pCEL11 digested with Ngo MIV. The sequences of MCSs of all vectors were checked using the dideoxy sequencing method.
Transformation of pCEL1, pCEL10, pCEL11, and pCEL20
Various E. coli strains were used as host and were handled by standard technique. Electroporation-competent E. coli cells were prepared by modifying the general method (4), and a Gene Pulser ® unit (Bio-Rad Laboratories, Hercules, CA, USA) was used. A 40-µ L aliquot of the prepared competent E. coli cells was mixed with 100-200 ng plasmid DNA and then electroporated in a 0.2-cm cuvette (Bio-Rad Laboratories) at 2.5 kv, 25 µ F capacitance, and 200 Ωresistance. One milliliter of SOC media was added, and the cells were recovered for 1 h at 37°C. Following recovery, the cells were spread on selective media containing Cellomix.
RESULTS AND DISCUSSION
To construct pCEL vectors, we chose the high copy number plasmid pUC18 as a basic vector frame. A 1.4 -kb Eco RI fragment containing cel A was cloned into pUC18 at theEco RI site. We constructed pCEL1 by deleting a β -galactosidase gene in pUC18 with Sma I and Nde I digestion ( Figure 1A) . The pCEL1 was transformed in E. coli XL1-Blue and spread on an agar plate containing ampicillin (100 µ g/mL) and Cellomix (10%, v/v). We found that transformants harboring the pCEL1 made clear halos around colonies after overnight incubation at 37°C. We cloned different sizes of Bgl II-Bam HI λ DNA fragments into the BamHI-digested pCEL1 to test the function of cel A as a screening marker. We identified a number of colonies with clear halos and without clear halos after transformation ( Figure  2 ). We purified plasmid DNA from several transformants without clear halos and digested with BamHI. Over 90% of recombinant transformants without clear halos gave various sizes of the Bgl II-Bam HI λDNA fragments inserts. As shown in Figure 3 , different sizes of inserts ranging from 1.2 to 5.5 kb fragment were identified. In this way, we found that transformants without clear halos harbored the recombinant pCEL1 having inserts, but the transformants with clear halos had self-ligated pCEL1. To construct pCEL series vectors having more versatile MCSs, primer 1 and 2 were designed, annealed, and cloned into pCEL1 digested with Ngo MIV, resulting in pCEL10 and pCEL11, which had MCS arranged in opposite orientations ( Figure 1B) . The MCS contains commonly used restriction enzyme recognition sites such as Sal I, Sma I, Not I, Sph I, Ngo MIV, and Hin dIII ( Figure 1B ). In addition, pCEL20 having additional restriction enzyme recognition sites ( Nde I, Xho I, Sac I, Kpn I, and Xba I) and M13/pUC direct primer for DNA sequencing was constructed with primers 3 and 4 (Figure 1B) . The transformation efficiency of pCEL10, pCEL11, and pCEL20 was as high as for pCEL1, and the new MCS was checked by restriction enzyme digestions and DNA sequencing. In addition, the inactivation of cel A gene of pCEL series vectors was tested by the cloning of λDNA fragments digested with every restriction enzyme within the MCS of pCEL10, pCEL11, and pCEL20. To define a broad host range for pCEL, several E. coli strains, such as MC1061, JM109, JM105, HB101, DH5 α , and XL1-Blue, were tested. We found that all strains, even MC1061 and HB101, which may not be used in the X-gal/ β -galactosidase system, were transformed very efficiently (transformation efficiency, 10 7 -10 8 / µ g). In addition, the recombinant transformants having inserts were easily detected, so we concluded that pCEL could be used in almost all E. coli strains without any limit because most E. coli strains have no detectable cellulase activity on Cellomix plates. According to our study, the new vector pCEL using cellulase as a screening marker identifies transformants inexpensively. The substrate of pCEL is cellulose, which is much less expensive than X-gal for the β -galactosidase substrate employed in most vector systems. In addition, it can skip troublesome steps such as spreading and waiting for the disappearance of fluid, usually 3-4 h, in the case of spreading X-gal on premade agar plates to minimize X-gal cost (6) . However, for the pCEL system, we can simply mix Cellomix and agar medium before autoclaving. Moreover, the new vector system overcomes the ambiguity of blue/white screening that arises in the X-gal/ β -galactosidase system. The pCEL system always gave reliable results; colonies without clear halos had inserts, and colonies with clear halos had no inserts. Therefore, we conclude that the new vector system, pCEL using a cellulase as a screening marker, is able to identify transformants more rapidly, conveniently, and cost effectively.
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